length, and the hand breadth measured on both sides. Descriptive statistical analysis, paired samples T-test, Pearson correlation analysis, and regression analysis were performed. Obtained regression equations have a 1-4 cm deviation when used for the stature estimation in the population from which the data have been obtained. The accurate estimation rate of the formulae is >95%. 
‫خالل‬ ‫من‬ ‫ال�سعودي‬ ‫املجتمع‬ ‫من‬ ‫لعينة‬ ‫القامة‬ ‫طول‬ ‫تقدير‬ ‫ب�سمتها‬ ‫أبعاد‬ ‫وا‬ ‫اليد‬ ‫قيا�سات‬ ‫امل�ستخل�ص‬

‫من‬ ‫اجلاين‬ ‫هوية‬ ‫لتحديد‬ ‫عادة‬ ‫القامة‬ ‫طول‬ ‫تقدير‬ ‫ي�ستخدم‬ ‫للهوية،‬ ‫اجلنائي‬ ‫التحديد‬ ‫يف‬ ‫وامل�ستخدمة‬ ً ‫�سيوعا‬ ‫أ�ساليب‬ ‫ال‬ ‫أكرث‬ ‫ا‬ ‫موقع‬ ‫أو‬ ‫ا‬ ‫اجلرمية‬ ‫م�سرح‬ ‫يف‬ ‫املتاحة‬ ‫والبقايا‬ ‫آثار‬ ‫لل‬ ‫ميكن‬ ‫حيث‬ ‫البيولوجي‬ ‫التعريف‬ ‫أن‬ ‫ب�سا‬ ‫�ساملة‬ ‫ومعلومات‬ ‫بيانات‬ ‫تعطي‬ ‫أن‬ ‫ا‬ ‫الكارثة‬ ‫يف‬ ‫أخذ‬ ‫ال‬ ‫اخلبري‬ ‫أو‬ ‫ا‬ ‫الباحث‬ ‫على‬ ‫ويجب‬ ‫الهوية.‬ ‫جمهويل‬ ‫أفراد‬ ‫لل‬ ‫أدلة‬ ‫ال‬ ‫على‬ ‫فيه‬ ‫العثور‬ ‫مت‬ ‫الذى‬ ‫املكان‬ ‫وطابع‬ ‫خ�سو�سية‬ ‫العتبار‬ ‫عني‬ ‫درا�سة‬ ‫إىل‬ ‫ا‬ ‫البحث‬ ‫هذا‬ ‫ويهدف‬ ‫البيانات.‬ ‫لهذه‬ ‫العالية‬ ‫أهمية‬ ‫لل‬ ً ‫نظرا‬ ‫طول‬ ‫وتقدير‬ ‫ال�سعودية‬ ‫العربية‬ ‫اململكة‬ ‫ل�سكان‬ ‫العرقية‬ ‫اخل�سائ�ص‬ ‫ولتحقيق‬ ‫ب�سمتها،‬ ‫أبعاد‬ ‫وا‬ ‫وحدودها‬ ‫اليد‬ ‫قيا�سات‬ ‫با�ستخدام‬ ‫القامة‬ ‫من‬ ‫اجلن�سني‬ ‫من‬ ‫م�سرتك‬ 200 ‫على‬ ‫الدرا�سة‬ ‫أجريت‬ ‫ا‬ ‫الهدف‬ ‫هذا‬ ‫م�سرتك‬ ‫كل‬ ‫طول‬ ‫قيا�ص‬ ‫ومت‬ ، ً ‫عاما‬ 26 ‫و‬ 17 ‫بني‬ ‫ما‬ ‫العمرية‬ ‫الفئة‬ ‫كل‬ ‫يف‬ ‫اليد‬ ‫وعر�ص‬ ‫الكف‬ ‫وطول‬ ‫اليد‬ ‫طول‬ ‫قيا�سات‬ ‫من‬ ‫بكل‬ ‫وربطه‬ ‫الو�سفي‬ ‫إح�سائي‬ ‫ال‬ ‫التحليل‬ ‫وا�ستخدم‬ ‫الي�سرى.‬ ‫و‬ ‫اليمنى‬ ‫اليدين‬ ‫بري�سون‬ ‫ارتباط‬ ‫ومعامل‬ ‫للبيانات‬ T -test ‫ت‬ -‫واختبار‬ ‫للبيانات‬
Abstract
Stature estimation is a commonly used method in forensic identification analysis. The tracks and remnants available at crime scene or catastrophes can give extensive information concerning the biological profiles of unknown persons. However, the investigator should take into account the constitutional peculiarities of the population where the evidence was found due to the high specificity of such data. The present work aimed at studying the ethnic peculiarities of the Saudi Arabian population and to estimate stature using the measurements of hands and handprints. A total of 200 native Saudi subjects of both genders within the age group of 17 to 26 years were included in the study. The height of each participant was measured and correlated with hand length, palm 
Introduction
The primary aim of forensic investigation of human remains is determination of the biological profile of a victim, which includes gender, age, stature, and ethnicity [1] .
Along with the other parameters, stature is one of the basic characteristics that helps to recognize an individual in cases of mass destruction or even in the absence of main body parts.
The dimensional relationship between body segments allows the reconstruction of its original stature and is widely used in modern forensic practice [2, 3] . Analysis of recently conducted studies shows that stature can be effectively estimated from the length of separated long bones of the upper and lower limbs [4, 5] , from the length and breadth of the foot and footprints [6] [7] [8] , as well as from the linear dimensions of the hand and handprints [9] [10] [11] .
The specific relations between the dimensions of various body parts can also be used to identify victims or body remains even in the absence of complete evidence. Handprints are the most common physical evidence left at crime scenes. Obtaining a unique pattern of fingerprints is considered the key in identifying the criminal [12] , but they may not always be available. However, as handprints are made by the most prominent parts of the hand and reflect the real size of the hand, they may be used for the prediction of the gender and stature of the person who deposited them [11, 13] .
A problem in forensic investigation is that individual physiques and body proportions vary from one ethnic group to another, as they are highly influenced by nutrition and the life style of the community [14] . The ethnic factor carries great importance in solving the identification task, and it must be taken into account by forensic anthropologists and archeologists. It is forensic anthropology that helps to specify and relate the findings to a certain ethnic group or geographical area, assisting the progress of investigation [15] [16] .
The ethnic difference in hand dimensions to stature proportion have already been analyzed in the population of Western Australia [11] , central India [17] , North and South India [18] [19] [20] , Slovakia [21] , Turkey [22] , Egypt [23] , Nigeria [24] , China [25] , Thailand [26] , and the Gujarat region [27] .
The primary objective of the present research is to study the ethnic peculiarities of the relationship between stature and hand measurements in native Saudis and to estimate stature using the measurements of hands and handprints in this population.
Subjects and Methods
Subjects
The study was carried out at Tabuk University in ac- 
Methods
Stature measurement
Stature was measured by a standard stadiometer (Seca 
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Hand measurements
Hand measurements were taken in centimeters to the nearest millimeter by a sliding caliper in accordance with the conventional technique [28] [29] . Intra-observer error was determined to be within accepted standards for all measurements (R > 0.9; r TEM < 5%) [30] . • Hand breadth (HB) -distance between the most remote points on the heads of the 2nd and 5th metacarpal bones.
Each measurement was repeated thrice, and the mean value was recorded in order to minimize inter-observer errors.
Handprints acquisition and measurement
The handprints were taken from the relaxed hand with the extended fingers and the thumb apart using an inkless shoe print kit (Jacksonville, US). The subject was requested to place the hand prone on an inkless shoe print pad with a little pressure and then onto shoe print paper. as a perpendicular to the palm axis line passing through the most proximal prints of the thenar and hypothenar due to inability to localize the distal transverse crease of the wrist.
Statistical analysis
The obtained data were computed and analyzed with SPSS 11.0 software. After the calculation of descriptive statistics, sex-specific and bilateral differences of hand measurements were evaluated using a paired samples t- 
Results
The descriptive statistical analysis of the data showed that the mean male stature in native Saudis from Tabuk equaled 171.5 cm with the maximum and minimum 178.5
and 159.5 cm, respectively. The mean female height varied from 148.0 to 171.5 cm with the mean 159.3 cm. Table-1 shows the descriptive statistics and comparison of identical measurements of hand, handprints, and stature in Saudi male and female individuals. According to our results, the stature and dimensions of the hand, measured directly on the hands as well as on the handprints, were significantly higher in males than in females. The Pearson correlation analysis revealed positive relations between stature and all hand measurements in males and females. The substantial correlation was found with the length parameters of the hand such as HL and HPL (p < 0.001) ( Table-2) . However, the analysis showed weak and statistically insignificant relations between stature and breadth parameters of the hand, especially in the male group. The bilateral asymmetry for length parameters was not strongly pronounced (Table-3 ). Only the hand breadth in the male study group was higher on the right than on the left, up to 3 mm (p < 0.001). That is why this parameter was excluded from the following calculations.
The length measurements of hands and handprints were evaluated by linear regression analysis for each gender group. Table-4 indicates obtained regression equations, R, It is evident that the R value is higher for the manual measurement of HL and HPL (R = 0.750 and 0.751, respectively) in the male group. Similarly, the most strongly correlated variable in the female group appears to be HL measured manually (R = 0.639), compared to the handprints (R = 0.566). So, the breadth measured on the hands and handprints was of minor importance in both groups.
According to the value of the coefficient of determination (R2), which represents the proportion of variation in stature explained by hand measurements in our research, it is evident that the best model for determining stature is the one taking into consideration HL and HPL in males (54% and 56% respectively) and HL in females (40.8%).
The change in explanation rate (adjust R2) in the male group (100 subjects) was the highest for HL (49.8 ± 3.39 %). In the female group (100 subjects), these rates varied from 40.5 ± 4.9 % for HL to 11.6 ± 5.97% for HPPL (the data in Table-4 ).
The obtained regression equations were checked for their accuracy. The minimum, maximum, and the mean of each length parameter were substituted in the regression 
Discussion
The present research is a pioneering study designed to (Table-6 ).
Earlier studies have shown that hand measurements tend to differ among ethnic groups [24, 27] . Therefore, we have compared our results with analogous data obtained in other populations. The hand measurements obtained in the Saudi Arabian population are similar to those in the Chi- nese, with the exception of female hand length, which was slightly longer in our studied population. Table-6 indicates the differences in hand size in Australians, Egyptians, and Nigerians, whose hands are much longer and wider in comparison with our study group.
In this study, Saudi adult males showed significantly larger hand dimensions (p < 0.001) than Saudi females.
According to our results of the paired T-test, the most sexually dimorphic parameter in studied population was the hand breadth followed by the palm length. These findings are consistent with previous studies conducted in different populations of Asia [18] [19] [20] 25] , Europe [5, 21] , and Turkey [22] .
The bilateral variation was statistically significant only for the hand breadth in the male group (p < 0.001). This confirms the results of Piti Laulathaphol, who has investigated the Thai population [26] . However, researchers in Australia, Egypt, and India have revealed significant asymmetry of hand breadth in females as well (p < 0.05) [11, 18, 23] .
Our study obtained a highly positive and statistically significant correlation of body height with hand and palm lengths measured directly on hands and handprints in both sexes, suggesting a linear and close relationship between stature and these measurements (Table-2 showed that the regression analysis is the most accurate method for estimating stature, and it may be used in different ways. The majority of researchers simultaneously applied several regression analysis models such as linear, stepwise, and multiple [11, 21, 25] . However, comparison between the settings of regression models exposed highly controversial results. Some authors reported that multiple regressions gave a more accurate estimation of stature showing less error of estimate [10, 19, 22] , while others
reported an approximately equivalent degree of prediction accuracy in all foresaid models [11, 20, 25] .
In the present research, authors proceeded from the assumption that the multiple regression analysis is appropriate where both hands and feet measurements are included in the stature estimation process; applying this method to research based only on measurement of hands with insignificant asymmetry and weak hand breadth correlation with stature was considered as unreasonable (criteria in Table-2 and Table-3 ).
The formulae derived from our linear regression analysis have a 1-4 cm deviation when used for the stature estimation in our studied population (data in Table-5 ). The accurate estimation rate of the formulae is >95%. We believe that they are the equations of choice for stature estimation in cases of handprint disclosure at a crime scene or for identification of dismembered bodies where only hands were found.
Conclusion
The presented method of stature reconstruction, based on correlation of body height with hand and palm lengths measured directly on hands and handprints, is highly efficient and gives statistically significant results in both sexes. This study revealed that length measurements of the hand are much more reliable for stature estimation than the breadth measurements. It has to be noted that the formulas obtained in the present study are specific to the study population in this research; therefore, application of these formulas to other populations might produce incorrect results.
